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THE SYSTEM ARCHITECT ROLE
IN ACQUISITION PROGRAM

INTEGRATED PRODUCT TEAMS

Ronald R. Luman and Professor Richard S. Scotti

The appointment of overall system architects for Department of Defense (DoD)
acquisition programs, preferably as leaders of Integrated Product Teams,
would ensure design flexibility, provide for rapid insertion of advanced
technology, enhance system functionality, and make more effective tradeoffs
between cost and performance. It is especially critical in developing weapons
or other systems that must be integrated into an existing system of systems
to achieve an enhanced synergistic effect. This approach also facilitates
development processes for current and future user needs, consideration of
a full range of design alternatives, and testing throughout the full operational
envelope.

merica’s military–industrial com-
plex evolved over five decades to
support the defense needs of a na-

tion engaged in a Cold War. With the end
of that war, government and industry have
been forced to reorient their strategies, pri-
orities, overall industrial base, and weapon
systems to meet the military requirements
of a “Hot Peace.” Complicating their ef-
forts, the American public remains wary
of distant low-intensity conflicts and ex-
hibits little tolerance for American casu-
alties. Also, Congress increasingly sees the
Pentagon as an obstacle astride its path to
a balanced budget. These concerns dem-
onstrate the need to develop and field ad-
vanced technologies to increase America’s

warfighting effectiveness and ultimately
minimize the number of American com-
bat casualties.

Indeed, the program manager faces new
and complex challenges for systems ac-
quisition: to accelerate the development
cycle, deliver affordable systems, and
minimize risks by integrating new tech-
nology when it arises. Not surprisingly,
the challenges of faster, cheaper, and bet-
ter! do not always nicely dovetail. Inte-
gration of existing, readily available com-
ponents into “new” systems is being en-
couraged by industry, but at a price. Many
defense firms are now shortchanging long-
term technology research to invest in pro-
totypes or system components they hope
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will meet some immediate military re-
quirement. A barrage of information about
commercial-off-the-shelf (COTS) compo-
nents or nondevelopment items (NDI)
bombards the decision maker every day.
Program managers, sorting through these
“solutions” developed with private sector
dollars, attempt to formulate an optimal
combination that will meet their needs in
the most cost-effective manner.

Acquisition reform is under way to
meet these challenges while leveraging in-
dustry investment. Government attempts
at accelerating the usual acquisition cycle
include such innovative and complemen-
tary measures as the Advanced Technol-
ogy Demonstrations (ATDs) and the Ad-
vanced Capability Technology Demon-
strations (ACTDs); often described, re-
spectively, as “technology pushes” and
“military need pulls” (Lynn, 1994). Al-
though these initiatives promote the quick
fielding of new, militarily useful technolo-
gies, they also operate outside of the nor-
mal acquisition process and have not yet
addressed the issue of effectively
transitioning these advanced technologies
into either category of large, on-going
weapons procurement programs or the
many existing, complex “systems of sys-
tems” that support entire warfare areas
(Eisner, 1991, 1993).

Compounding this, the private sector’s
investment in staff, facilities, and technol-
ogy for research is increasingly restricted
to the perceived niche markets of each
firm. Today’s potential system develop-
ers are more apt than not to identify prob-

lems that can be accommodated by those
solutions that are already on their shelves
or technologies integral to their own In-
dependent Research and Development
(IRAD) investments when peering
through this lens. Although well-inten-
tioned, the resulting products are usually
marketed as advanced technology inser-
tion to complex systems of systems—
without due regard for the appropriate sys-
tem of systems architecture.

A program manager can cope or even
thrive in this new environment by using
the system architect to achieve a level of
design flexibility that will allow for the
rapid insertion of advanced technology,
and also enhance system functionality and
performance. The system architect is in-
dependent of the developer or contractor,
and is well-positioned to monitor the mar-
ginal utility of the new or upgraded sys-
tem as it relates to the effectiveness of any
larger “system of systems.” Other benefits
of this approach include the facilitation of
(a) development processes for both cur-
rent and future user needs, (b) consider-
ation of a full range of design alternatives,
and (c) representative testing throughout
the full operational envelope to ensure low
risk.

A system architect naturally comple-
ments the system developer, much like the
commercial architect complements a
builder. The system architect concept also
fits naturally into the Integrated Product
Team approach directed by the Under Sec-
retary of Defense (Acquisition and Tech-
nology) as a key tenet of acquisition re-

Ronald Luman is with the Applied Physics Lab of Johns Hopkins University and Professor
Richard Scotti is with The George Washington University.



The System Architect

85

form (Under Secretary of Defense, 1995;
Secretary of Defense, 1995). Further
implementing guidance regarding IPT
structures (USD[AT] and ASD[C3I], 1995)
suggests that the “Integrating IPT” chair-
man functions as the system architect. To
understand the role of the system archi-
tect and its potential for accelerating the
acquisition cycle and advanced technol-
ogy insertion, it is necessary to review
the current DoD system engineering
process.

REVIEW OF THE
SYSTEMS ENGINEERING PROCESS

The discipline of systems engineering
is an integral element of DoD acquisition.
Although the DoD initiative to adopt the
best commercial practices has resulted in
cancellation of the old MIL-STD-499
(1974) on systems engineering, its in-
tended successor (MIL-STD-499B, 1994)
has been converted to a commercial stan-
dard, EIA/IS-632 (1994). Managers of
major government acquisition programs
are required to take the five-month De-
fense Systems Management College
(DSMC) systems engineering manage-
ment curriculum at Fort Belvoir, VA (De-
partment of Defense, 1991 and 1995).
Systems engineering will remain as the
foundation of acquisition and develop-
ment, lending standardized quality to the
process, and providing

... a comprehensive, structured, and
disciplined approach for all life-cycle
phases, including new system prod-
uct and process developments, up-
grades, modifications, and engineer-
ing efforts conducted to resolve prob-

lems in fielded systems. (EIA/IS-
632, 1994, p. 1)

The basic systems engineering process
contains four activities, applied iteratively
as illustrated in Figure 1 (reproduced from
MIL-STD-499B, 1994, nearly identical to
that in EIA/IS-632): requirements analy-
sis, functional analysis/allocation, synthe-
sis, and systems analysis and control. This
process is generally executed by agree-
ment between two parties: the tasking ac-
tivity as the organization requiring the tech-
nical effort (i.e., program manager), and the
performing activity as the organization do-
ing the technical effort (e.g., system devel-
oper or prime contractor).

SYSTEMS ENGINEERING PROCESS INPUT

Generating and assembling the infor-
mation necessary to effectively develop a
system is an iterative process. In theory
the tasking activity provides the perform-
ing activity with all the information rel-
evant to its needs, objectives, require-
ments, measures of effectiveness (MOEs),
operating environment, constraints, etc. It
then directs the performing activity to
consolidate this information for the
government’s review and approval during
the requirements analysis phase. Obvi-
ously, the systems engineering process re-
quires sufficient detail for a system devel-
oper to generate a realistic proposal. How-
ever, it is no exaggeration to say that the
government’s initial statement of mission
need, for example, can consist of a one-
sentence statement. Hence the generation
of a comprehensive set of the necessary
inputs is an iterative process involving
both the tasking activity and the potential
developers themselves.
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The system architect should be a key
player in this first phase of system devel-
opment as part of the tasking activity, of-
fering both systems engineering and pro-
gram management perspectives. Disci-
pline is required to avoid a natural ten-
dency to solve the problem before it is
fully formulated (i.e., premature move-
ment to particular solutions must be re-
sisted in the interest of solving the correct
problem).

REQUIREMENTS ANALYSIS

The primary outputs of this phase are
the overall functional architecture and as-
sociated performance requirements that
have been built on MOEs provided or ap-

proved by the sponsor. As noted above,
MOEs are often not known by the spon-
sor at the level of detail necessary to de-
termine even overall requirements, and
must be developed with full consideration
given to mission need, operating environ-
ment, achievable technology, and sponsor
objectives and constraints. This effort re-
quires expertise in a range of disciplines,
from concepts of operation through state-
of-the-art technology, and, increasingly, a
knowledge of the performance and robust-
ness of available commercial systems as
well. Requirements analysis is conducted
iteratively with Functional Analysis/Allo-
cation to ensure that the system’s objec-
tives are achieved within the limits of
available technology and resources.

Moreover, system performance require-

Figure 1. The Systems Engineering Process
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ments “shall consider the full life cycle
envisioned and must be characterized in
terms of degree of certainty in their esti-
mate, the degree of criticality to system
success, and their relationship to other re-
quirements, in order to facilitate
prioritization of requirements during trade
studies and/or final evaluation of alterna-
tives and selection of the system design”
(DoD, 1991). Considerable controversy
exists as to the degree of flexibility with
which “requirements” are to be treated,
with design-to-cost approaches requiring
maximum possible flexibility.

 FUNCTIONAL ANALYSIS AND ALLOCATION

In this phase, the system’s functional
architecture is developed in detail suffi-
cient to support a synthesis of alternatives.
The overall functional architecture is ana-
lyzed and logically sequenced, with in-
puts, outputs, and interface requirements
clearly defined. Levels of performance are
either assigned or derived for each func-
tional requirement and interface so that
overall performance requirements may be
traced throughout the functional architec-
ture. This division and allocation is con-
tinued until the resulting set of require-
ments is defined in quantifiable technical
performance measures (TPMs) or go/no-
go criteria, as appropriate, and in sufficient
detail to be used as design criteria.

Functional analysis and allocation gen-
erally does not have one “right” solution,
and “optimal” is hard to define, let alone
achieve. Hence this phase requires the
exercise of judgment when initially allo-
cating performance requirements to func-
tional elements. Moreover, flexibility must
be maintained to allow the different ap-

proaches arising in this phase of develop-
ment to be considered and costed out by
each subsystem activity during the subse-
quent synthesis phase. For example, the
allocation of an overall budget of accu-
racy errors for a strategic missile system
across such subsystem activities as initial
conditions, in-flight guidance, re-entry
body deployment, geodesy, and re-entry
flight dynamics will require an under-
standing of the disparate technologies and
costs associated with maximizing sub-
system performance. Successes and fail-
ures at innovation must also be accommo-
dated through an iterative process that can
reach all the way back to requirements
analysis. Of course, it gets harder to ad-
just performance (especially in functional
allocations) as the development cycle
progresses. Not only is it more costly to
accommodate design changes, but the sys-
tem developer grows increasingly reluc-
tant to consider changes affecting its own
costs (and profits), even when it may be
clear that the system would better meet
mission objectives were changes made.

SYNTHESIS

Synthesis is that phase of development
in which complete alternative system de-
signs are generated in an iterative fashion
with functional analysis and allocation.
Synthesized designs will describe the en-
tire system, including the interfaces be-
tween internal subsystems or components
and the external environment. The system
designer must verify that alternatives will
satisfy functional and performance re-
quirements and that they are attainable
within estimated risk levels.

As previously discussed, there is cur-
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rently pressure to find ways of using
COTS components or technology. A
COTS solution may appear to be so simple
that a sponsor will wish to interject it into
the process as his own system alternative.
Unfortunately, an often-overlooked and
certainly unappreciated risk factor is the
cost required to integrate various COTS
components from different vendors into a
cohesive system that meets requirements.
Especially misunderstood are unpredict-
able software costs required to achieve ef-
fective interfaces between hardware, soft-
ware, and human operators, as well as to
produce displays and features customized
to the needs of the operational user.

SYSTEMS ANALYSIS AND CONTROL

Systems analysis and control is an
overarching activity that operates concur-
rently with the iterative processes spanned
by requirements analysis, functional
analysis and allocation, and synthesis (Fig-
ure 1). It covers a variety of analyses:
tradeoff studies, effectiveness assess-
ments, and system or subsystem design
analyses and simulations to estimate
progress in achievement of TPMs and
overall requirements. It also employs sev-
eral control mechanisms: risk manage-
ment, configuration management, data
management, and various technical re-
views.

The analyses are conducted by the per-
forming activity. The control activities are
generally joint endeavors involving the
tasking as well as the performing activity
(MIL-STD-499B, 1994; EIA/IS-632,
1994). System analysis is considered more
generally in a later section.

SYSTEMS ENGINEERING PROCESS OUTPUT

The systems engineering process
should produce balanced, feasible system
alternatives or solutions and a decision
database that includes decision support
data, system architectures, and specifica-
tions and design baselines from which the
key decisions made during the process can
be reconstructed and justified (MIL-STD-
499B, 1994; EIA/IS-632, 1994). A frame-
work and procedure for evaluation should
also be established from which the final
system design can be selected by the spon-
sor (Eisner, 1988).

WHAT’S MISSING?

Is the systems engineering approach
which we have just reviewed still viable
in the current acquisition reform environ-
ment? Certainly it is central to the current
acquisition process, which is universally
regarded as needing reform and accelera-
tion. Today, the acquisition program
manager’s challenge is to accelerate the
development cycle, reduce costs, and
maintain the capability to insert the most
advanced technology appropriate for the
stated need. Is the system engineering pro-
cess part of the problem?

The key to meeting this challenge is
found in the system analysis and control
process, in which complex, highly visible,
and continuing technical evaluations are
conducted. These evaluations guide deci-
sions regarding the design, capabilities, or
selection of system alternatives. It is
here that the systems architect may pro-
vide objective judgment and perspective
to ensure a successful development pro-
cess.
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Technical evaluations may be grouped
by function into four categories:

1. Evaluations that determine basic pa-
rameter values. For example, a tech-
nical evaluation may be necessary to
determine the variation of an inertial
navigation system’s (INS) heading
gyro drift bias as a function of plat-
form azimuth. This evaluation may
involve calculations, computer simu-
lations, field tests, and measurements
(Pace, 1986).

2. Evaluations that determine system
performance. A system performance
evaluation may determine the overall
INS error growth as a function of time.
The resulting tool might be a covari-
ance simulation. Performance analyses
are arguably the most visible type of
technical evaluation, and can be the pri-
mary factor in discriminating between
system alternatives (Atallah, 1993).

3. Evaluations that determine opera-
tional effectiveness by considering
mission-level MOEs as a measure of
the system performance. In our ex-
ample, the ballistic missile system
accuracy that is initialized by the INS
depends on the accuracy of the INS,
which may be dependent upon plat-
form azimuth.

4. Evaluations that address concepts of
operation, tactics, or strategy, and con-
sider how the system will be used to
satisfy mission objectives. Increas-
ingly, weapon systems must be inte-
grated into a larger, extant system of
systems. The difficult analysis that
predicts the marginal utility of the new
system to the larger system of systems
is often overlooked.

These technical evaluations use a vari-
ety of modeling and simulation methods.
Figure 2 displays the full range of such

Figure 2. Modeling Taxonomy
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techniques available to the systems ana-
lyst (Eisner, 1988; Scotti, 1994). However,
it is the quantitative modeling methods
that are the most commonly used in the
systems engineering process. Laboratory
experiments, field tests, and operational
data from military exercises are important
sources of validation data for the model-
ing and simulation processes.

 Effective execution of the system
analysis and control activity through ju-
dicious technical evaluations brings the
following benefits to the systems engi-
neering process:

• generation of system alternatives (in-
cluding concepts of operation) that
may more effectively or efficiently
achieve the sponsor’s objectives;

• explicit consideration of assumptions,
uncertainties, costs, consequences,
etc.;

• an objective framework and common
basis for evaluating system alterna-
tives and selection of a preferred al-
ternative;

• improved understanding of the issues
and hence better understanding on the
part of the sponsor and ultimately the
system users; and

• improved managerial capabilities for
planning and administration of the
system life cycle (Miser and Quade,
1985, pp. 25–26).

There are, however, adverse conse-
quences that can arise from dependence
on systems analysis beyond the level ap-
propriate to the scale of the problem:

• unwanted delays in system develop-
ment;

• undesirable centralization and con-
centration of decision making in top-
level staff;

• increased dependence on complex
processes (e.g., simulation) that re-
quire expensive talent to operate; and

•  loss of risk mitigation capability
through elimination of apparent inef-
ficiency and redundancy.

A system developer may seek to avoid
detailed technical evaluations, citing the
potential for schedule impact as a justifi-
cation. This position may also be moti-
vated by a lack of qualified people to do
the evaluations, or concern that an analy-
sis will encourage reconsideration of an
alternative already effectively discarded.
However, a vibrant, objective, ongoing
systems analysis is essential to the main-
tenance of systems perspective, especially
in regard to the “system of systems.” The
standard systems engineering process does
not address this overall architecture ques-
tion, generally considering the system
under development as an isolated entity.

SYSTEMS ARCHITECTING

A broad role growing out of systems
analysis and control in the systems engi-
neering process has recently been charac-
terized as system architecting (Rechtin,
1991, 1994). The function of a system ar-
chitect is to act as the system development
agent of the program manager, to create
and manage the design, to maintain sys-
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tem integrity, and to help achieve user sat-
isfaction with the procured system. Hence
it is a role that exists at the level of the
acquisition process, yet may also contrib-
ute to the engineering of a system.

The discussion of systems analysis pre-
sented above has focused on tradeoff stud-
ies, quantitative technical evaluations, sys-
tem integration, and interface manage-
ment—all within the context of the sys-
tems engineering process. However, the
role of the system architect goes beyond
systems engineering to include the com-
prehensive synthesis, certification, and
qualitative satisfaction of user needs—all
of which are goals of the Integrating IPT
(USD[AT] and ASD[C3I], 1995. System
architecting applies systems analysis
methodology to the acquisition process,
rather than operating strictly within the
confines of the single systems engineer-
ing process, per se.

Another way to understand system
architecting is to contrast its tasks with
those generally performed as part of sys-
tems engineering. Architecting is working
for the program manager and with a sys-
tem developer; engineering is working
with an architect and for a system devel-
oper. In short, the core of architecting is
system integration and a continuing veri-
fication that the desired product is being
obtained. Figure 3 illustrates the scope
and potential value added by the archi-
tect throughout the life cycle of the sys-
tem.

The military has long recognized the
need for system architects in the acquisi-
tion process, though that terminology is
not widely used outside of the software
engineering specialty. The term technical
direction agent (TDA) reflects a role simi-
lar to what we have discussed for the sys-
tem architect:

Figure 3. System Development Process
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 The TDA assists the level III Sys-
tem Manager in the establishment of
initial program concepts, performs
system engineering, develops perfor-
mance specifications, and performs
or directs research, development, test
and simulations to investigate prob-
lems, probe alternative approaches,
and to evaluate design agent achieve-
ments. (Department of the Navy,
1985)

To summarize the role of the system ar-
chitect, it will help to define some terms:

• The “system” is what is built.

 • The “model” is a description of the
system to be built.

• The “system architecture” is the struc-
ture of the system.

• The “overall architecture” includes
the structure not only of the system,
but of its functions, the environment
within which it will operate, and the
process by which it will be developed
and operated (Rechtin, 1991, p. 75).

The systems architect is then concerned
with the overall architecture, not just the
system architecture, the model, or associ-
ated technical evaluations.

THE SYSTEM ARCHITECT IN THE

INTEGRATED PRODUCT TEAM

Increasingly in this era of joint and
combined operations, systems must
interoperate with other systems, forming
a “system of systems” that offers a true

warfighting capability. Hence many acqui-
sition programs are justified and judged
on their marginal utility to the effective-
ness of this larger “system of systems.”
This is the perspective of the system ar-
chitect. Furthermore, the Integrated Prod-
uct Team is an excellent, cooperative ve-
hicle that can easily accommodate estab-
lishment of the system architect as the in-
tegrating IPT chairperson, acting as the
design agent of the program manager. De-
pending on the particular program and the
technical knowledge required, the system
architect role may be satisfied by one of
the following.

1. The program manager or his or her
staff.

2. A government laboratory.

3. A university laboratory.

4. A nondevelopment division of a sys-
tems contractor.

Recalling our earlier discussion about
industry investments and COTS technol-
ogy, it is critical that DoD sponsors have
the best possible perspective and knowl-
edge available when buying in the tech-
nological marketplace. This must be pro-
vided with a competence, integrity, and
objectivity beyond question. It is not rea-
sonable to go to the free enterprise mar-
ketplace from which the government will
buy its systems and ask for advice on
which systems to buy. Conversely, the
system architecting organization has no
potential for conflict of interest, as it is
not a candidate to develop the operational
system, though it may well build proto-
types as part of the technical evaluation
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processes described above. This indepen-
dence from the business of operational
system development and production
means that the system architect doesn’t
come to analysis or architecting with a
particular technology or system solution
in mind. Indeed, the architect is obligated
to table the sponsor’s initial agenda or
solution (typically, the sponsor has one in
mind, stated or not) until the problem is
sufficiently understood and structured.

 The in-house institutions that perform
this role are sometimes referred to as “re-
search and development centers” and take
the form of either military or university
laboratories. These laboratories, and the
government, realize that they must have
full knowledge of military operations and
the implications of technology, which can-
not be gained by mere observation. In
short, they train to be system architects,
or independent systems analysts operat-
ing at the acquisition level, whose role
spans the full spectrum from research and
development through operational perfor-
mance evaluation in the field or at sea.

Perhaps the strongest argument for this
independent architecting in the DoD ac-
quisition process is that it can reduce cost
and improve the product in spite of gov-
ernment contracting procedures. To illus-
trate: The government frequently punishes
a contractor more severely for
underrunning than it does for overrunning
(Kershner, 1981). This is an almost inevi-
table consequence of the DoD contract-
ing practice for systems being developed
as opposed to those in production. In the
former case, the contract is typically of
the “cost plus” variety because the costs
of development are too uncertain for ei-
ther the contractor or the government to
agree on a fixed price. Nevertheless, the

cost and schedule estimates generated at
the start of a program will form the basis
for significant allocations of resources and
staff to which the contractor and the gov-
ernment are then committed. Consider,
however, how this may affect an ongoing
program in which an innovative applica-
tion of advanced technology might halve
the remaining cost and schedule of devel-
opment. This innovation may create a con-
flict of interest for the contractor, who was
counting on the initially agreed-on fund-
ing and schedule to gainfully employ sig-
nificant numbers of staff. In this case an
independent system architect could be re-
lied on to uncover the new technology ap-
plication and present it to the system de-
veloper and sponsor.

Situations of this magnitude are rare,
but a independent system architect, work-
ing within the constructive atmosphere of
the Integrating IPT, can make significant,
consistent contributions toward integra-
tion.

SUMMARY

Systems analysis applied to the acqui-
sition process, sometimes described as
system architecting, is vital to successful
development of complex systems and sys-
tems of systems. The architect role is best
performed by an agent of the government
program manager (and, thus, independent
of the system developer) who can be re-
lied on to ensure sponsor satisfaction with
the final system. The accelerating pace of
technology, the aggressive investment in
and marketing of components and systems
by the private sector, and the increasing
complexity of military needs all mandate
an ever more sophisticated government
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consumer. The system architect must of-
fer a broad expertise in the state-of-the-
art technology, information systems, and
a knowledge of mission operational needs,
as well as the skill to apply this knowl-
edge in a cost-effective manner.

 The acquisition program manager can
maintain this vision and focus by appoint-
ing a system architect, independent from

the system developer or contractor, to
chair an essential Integrated Product
Team. This is especially critical in the con-
text of a “system of systems” development
environment, wherein program success
will ultimately be judged on the marginal
utility of the new or upgraded system to
the entire system of systems’ effective-
ness.
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